This paper studies capacity choice in a quantity-setting and price-setting private duopoly with differentiated goods wherein either of two firms has a price-raising effect on the price level of the product of the opponent firm. In both quantity-setting and price-setting competition, whether the price-raising effect of the product of one firm on the price level of the other firm's product is strong or weak strictly depends on the differences between the quantities and capacity levels of both firms. More precisely, in the quantity-setting competition, when the price-raising effect is sufficiently strong, both firms choose under-capacity, whereas when such an effect is sufficiently weak, both firms choose overcapacity. Furthermore, in the price-setting competition, when the price-raising effect is sufficiently strong, both firms choose over-capacity, whereas when such an effect is sufficiently weak, both firms choose under-capacity. Therefore, the presence of the price-raising effect as the unilateral externality strikingly changes the difference between each firm's quantity and capacity level in the contexts of both the quantity-setting competition and the price competition in a private duopoly with differentiated goods.
Introduction
This paper considers the capacity choices of two profitmaximizer firms in a private duopoly with unilateral externality. More precisely, in the contexts of both quantity-setting competition and price-setting competition wherein one firm has a price-raising effect on the price level of the product of the opponent firm as the unilateral externality, we investigate the difference between the quantity and capacity level of each firm. We introduce the price-raising effect as the unilateral externality into each firm's demand function à la Choi and Lu [1] . The purpose of this paper is to check the robustness of the result on the difference between each firm's quantity and capacity level obtained in the standard private duopoly with differentiated goods against the introduction of the price-raising effect of the one firm's product on the price level of the opponent firm's product in the fashion of Choi and Lu [1] .
In the model of this paper, following the model employed in Choi and Lu [1] , we consider the situation where both firms produce a homogeneous good if there does not exist the price-raising effect of the product of the one firm as the unilateral externality 1 . Similar to Choi and Lu [1] , since only the quantity of the product of the one firm (say firm 1) has the price-raising effect on the price level of the opponent firm's product, we refer to this effect as the unilateral externality. When the priceraising effect of firm 1's product is sufficiently strong, its product becomes a complement to the product of the firm without the price-raising effect (say firm 0). Hence, when the price-raising of firm 1's product as the unilateral externality is sufficiently strong, the strategic relations between the quantities/price levels and between the capacity levels as the strategic variables of both firms are changed in the context of both the quantity-setting competition and the price-setting competition. Cabral and Majure [2] found theoretical and empirical evidence on the asymmetry of the strategic relation in the Portuguese banking industry. More precisely, they indicated that for some banks, the number of branches of rival banks is a strategic complement, whereas for other banks, it is a strategic substitute 2 . By considering a standard oligopolistic market without unilateral externality, Bulow et al. [3] and Bulow et al. [4] found that the dominant firm in an industry can consider the products of fringe firms as strategic complements, whereas the fringe firms can consider the output level of the dominant firm as strategic substitutes. In addition, Tombak [5] considered a twostage game in which one firm regards its rival's secondstage strategic variable as a strategic complement whereas the other firm regards its rival's second-stage strategic variable as a strategic substitute 3 . In contrast to the works in this field including Choi and Lu [1] , in this paper, we elaborate on the influences of the price-raising effect that the dominant firm has on not only the strategic variables in the market but also the additional strategies (the capacity levels) of the dominant firm and the fringe firm, that is, whether the overcapacity or under-capacity is achieved in both firms 4 . In this paper, we show that when the price-raising effect of the one firm's product on the price level of the other firm's product is sufficiently strong, in the quantity-setting competition, both firms choose under-capacity, while in the price-setting competition, both firms choose over-capacity. These results sharply contrast with those obtained in the standard quantity-setting and pricesetting competitions with differentiated goods and without the price-raising effect 5 . As described above, the strength of the price-raising effect of firm 1's product changes the strategic relation between the strategic variables of both firms, i.e., their quantities/price levels and capacity levels. More precisely, when the price-raising effect of the product of firm 1 is sufficiently strong (weak), in the quantity-setting competition, the strategic relation of firm 0's quantity with firm 1's quantity is a strategic complement (substitute) in firm 0's reaction function in the quantity-setting stage 6 . On the other hand, in the price-setting competition, when the price-raising effect of the product of firm 1 is sufficiently strong (weak), the strategic relation of firm 0's price level with firm 1's price level is a strategic substitute (complement) in firm 0's reaction function in the price-setting stage 7 . Furthermore, in the contexts of both quantity-setting competition and price-setting compe-tition, the influence of firm 1's capacity level on firm 0's quantity/price level is changed when the price-raising effect is sufficiently strong. Thus, when the price-raising effect is sufficiently strong, the changes of the strategic relations between the strategic variables yield changes of the signs of the differences between the quantities and capacity levels of both firms in the context of both quantity-setting competition and the price-setting competition.
The remainder of this paper is organized as follows. In Section 2, we formulate a private duopolistic model with the prise-raising effect of the one firm's product as the unilateral externality and with the capacity choices of both firms that will be investigated throughout this paper. In Section 3, from the viewpoints of quantity-setting competition and the price-setting competition, we consider the differences between the quantities and capacity levels of both firms using the model built in Section 2. Section 4 concludes with several remarks. The market outcomes including each firm's equilibrium price level and profit are relegated to the appendix.
Model
Following Choi and Lu [1] , we formulate an asymmetric duopolistic model with unilateral externality wherein both firms determine not only their quantities/price levels but also their capacity levels. The products are perfect substitutes if the unilateral externality does not exist. When the unilateral externality is introduced, the quantity of firm 1's products can have an price-raising effect on the price level of firm 0's products. On the basis of Choi and Lu [1] , we call the effect such that the output level of firm 1 can raise firm 0's price level the "unilateral externality". The inverse demand functions of firms 0 and 1 are given as follows: 2 The findings obtained in Cabral and Majure [2] are explained by the following two facts: i) the geographic differences (urban or rural areas) of the expansion patterns of incumbents (public banks) and entrants (private banks) and ii) the degree of customer honesty (in general, rural customers are more honest than urban customers). 3 More precisely, Tombak [5] investigated the situation where only the dominant firm decides the investment for R&D in the first stage. 4 By taking into account the managerial delegation in the fashion of Fershtman and Judd [6] , Sklivas [7] , and Vickers [8] , although Choi and Lu [1] investigated the multi-stage game where the delegation parameters of both the firms as well as their quantities/price levels are determined, their main focus was to derive the result on the equilibrium timing of setting the quantities of both firms obtained in the endogenous timing game (the consequent order of the game). We consider how the setting of the strategic variable for the firm without the price-raising effect except for its strategic variable in the market is influenced by the setting of the strategic variables for the firm with the price-raising effect as the unilateral externality. 5 In the appendix, we give the results on the differences in the quantities and capacity levels between both firms in the standard quantity-setting and price-setting competitions with differentiated goods and without the price-raising effect. More precisely, in a standard quantity-setting competition, both firms always choose over-capacity irrespective of the degree of product differentiation, whereas in a standard price-setting competition, both firms choose under-capacity irrespective of the degree of product differentiation.
where i and i denote firm 's price level and output level, respectively, and parameter p q i  measures the 6 In firm 1's reaction function in the quantity-setting competition, the strategic relation of firm 1's quantity with firm 0's quantity is a strategic substitute irrespective of the strength of the price-raising effect of firm 1.
7
In firm 1's reaction function in the price-setting competition, the strategic relation of firm 1's price level with firm 0's price level is a strategic complement irrespective of the strength of price-raising effect of firm 1.
degree of the price-raising effect as the unilateral externality, . Note that denotes the demand parameter and 8 .
indicates that the price-raising effect of firm 1's output level is relatively strong whereas indicates that the priceraising effect of firm 1's output level is relatively weak. Futhermore, implies that firm 1's product becomes a complement to firm 0's product whereas implies that firm 1's product becomes a substitute for firm 0's product.
Both firms adopt identical technologies represented by the cost function , where i x is the capacity level of firm , . Following Vives [9] , Ogawa [10] , Bárcena-Ruiz and Garzón [11] , Tomaru et al. [12] , Nakamura and Saito [13] , Nakamura and Saito [14] , and Nakamura [15] , we assume that the cost function is given by
, . This cost function implies that if each firm's output level equals its capacity level, i i , the long-run average cost is minimized. The profit of firm is given by .
We investigate the game with the following orders of each firm's moves: In the first stage, firms 0 and 1 simultaneously set their capacity levels. In the second stage, after both firms observe their capacity levels, they engage in either quantity-setting competition or pricesetting competition with each other.
 

Equilibrium Analysis
Quantity Competition
We first solve the quantity-setting game by backward induction from the second stage to obtain the subgame perfect Nash equilibrium. In the second stage, firm maximizes its profit i with respect to i , 
From Equations (1) and (2), when , 0 is decreasing in 1 , whereas when , is increasing in . For any , 1 is decreasing in 0 . Thus, the strategic relation of the quantity of firm 0 with the quantity of firm 1 strictly depends on the value of
 ; that is, when , the quantity of firm 0 is a strategic substitute for the quantity of firm 1, whereas when , the quantity of firm 0 is a strategic complement to the quantity of firm 1. On the other hand, the strategic relation of the quantity of firm 1 is a strategic substitute for the quantity of firm 0 irrespective of
, we obtain the following equilibrium quantities of firms 0 and 1 as the functions of their capacity levels in the Nash equilibrium in the quantity-setting stage:
In the first stage, firms 0 and 1 realize that the choices of their capacity levels influence their quantity determined in the second stage. Provided Equations (3) and (4), respectively, firms 0 and 1 simultaneously and independently set their capacity levels with respect to their profits. Thus, by solving the first-order conditions of the profits of firms 0 and 1, we obtain
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Therefore, from easy calculations, we obtain the following equilibrium result on the differences between the quantities and capacity levels of firms 0 and 1: 
indicates that whether either of the two firms has a price-raising effect on the price level of the product of its opponent firm strictly determines the differences between the quantities and capacity levels of both firms. More precisely, when the price-raising effect of the one firm's product on the price level of the product of its opponent firm is sufficiently strong, both firms choose under-capacity, whereas when such an effect is sufficiently weak, both choose over-capacity. This result is strikingly different from that obtained in the standard quantity-setting competition with differentiated goods 9 . In the standard private duopolistic competition without the price-raising effect, since firm i pays attention to its market share in order to increase its profit, it attempts to decrease the quantity of its opponent firm j n order to increase its market share by increasing its capacity level when the relation between their output levels is substitutable,
. In addition, in the case wherein the relation between the products of both firms is complementary, firm i has an incentive to increase its market share by decreasing the quantity of its opponent firm j by decreasing its own capacity, and thus, this behavior of decreasing firm 's capacity also decreases firm j's capacity since their capacity levels are strategic complements in the first stage,  . Although the capacity levels of both firms tend to be low, their quantities are lower than their capacity levels since their capacity levels are positively associated with their own quantities. Thus, irrespective of whether the relation of the goods produced by both firms are substitutable or complementary, in a standard quantity-setting duopoly without the price-raising effect, they choose overcapacity.
In the quantity-setting competition wherein the one firm has the price-raising effect of its product on the price level of the product of the other firm, if such an effect is sufficiently weak, i.e., , the intuition behind the result that both firms 0 and 1 choose overcapacity is similar to that given in the standard quantitysetting competition with substitutable goods and without the price-raising effect 10 . From Equations (3) and (4), when , both firms 0 and 1 have incentive to decrease the quantities of their respective opponent firms through increasing their own capacity in order to expand their respective market share, implying that both firms choose over-capacity. On the other hand, when the price-raising effect of firm 1's product is sufficiently strong, i.e., 0,1
, we obtain the result that the differences between the quantities and capacity levels of firms 0 and 1 are positive, which is strikingly different from the results obtained for i) the quantity-setting competition without the price-raising effect and ii) the case wherein such a price-raising effect is sufficiently weak, i.e.,
. The intuition behind this result is as follows: from Equation (3), firm 1 which has the priceraising effect has an incentive to decrease firm 0's quantity by decreasing its own capacity, and consequently, firm 1 chooses under-capacity. On the other hand, from Equation (4), firm 0, which does not have the priceraising effect has an incentive to decrease firm 1's quantity by increasing its own capacity, similar to the case where
. However, taking Equations (5) and (6) into account, firm 0's capacity tends not to become so high when
. Therefore, since the quantity of firm 1 does not become so low because of the relatively low capacity of firm 0, from Equation (1), the quantity of firm 0 is higher relative to its capacity when
. Consequently, firm 0 also chooses under-capacity. We emphasize that the strength of the price-raising effect and the change of the relation of the goods produced by firms 0 and 1 on the basis of such an effect determine the difference between the quantity and capacity of each firm in the quantity-setting competition with the price-raising effect as the unilateral effect.
Price Competition
We next solve the price-setting game by backward induction from the second stage to obtain the subgame perfect Nash equilibrium. In the second stage, firm maximizes its profit with respect to i , . The best-response functions of firms 0 and 1 in the second stage are given as follows:
From Equations (7) and (8), when , 0 is increasing in , whereas when , 0 is decreasing in . For any , 1 is increasing in 0 . Thus, the strategic relation of the price level of firm 0 with the price level of firm 1 strictly depends on the value of
, the strategic relation of the price level of firm 0 is a strategic complement to the price level of firm 1, whereas when
, the strategic relation of the price level of firm 0 is a strategic substitute for the price level of firm 1. On Furthermore, we obtain the following price levels of firms 0 and 1 as the functions of the capacity levels in the Nash equilibrium in the price-setting stage. the other hand, the strategic relation of the price level of firm 1 is a strategic complement to the price level of firm 0 irrespective of .
In the first stage, firms 0 and 1 realize that the choices of their capacity levels influence their price levels in the second stage. Provided Equations (9) and (10), respectively, firms 0 and 1 set their capacity levels with respect to their profits. Thus, by solving the first-order conditions of the profits of firms 0 and 1 in the first stage, we obtain 
0,1   
Similar to the quantity-setting competition with the price-raising effect of the product of firm 1, Proposotion 2 indicates that the differences between the quantities and capacity levels of firms 0 and 1 strictly depend on the strength of the price-raising effect of firm 1's product on the price level of firm 0's product. More concretely, it is shown that when the price-raising effect of firm 1's product is sufficiently strong, the differences between the quantities and capacity levels of firms 0 and 1 are negative, whereas when such an effect is sufficiently weak, the differences between their quantities and capacity levels are positive 11 . In the price-setting competition with the price-raising effect, when such an effect is sufficiently weak, i.e., (9) and (10), both firms 0 and 1 attempt to decrease the quantity of their respective opponent firm by decreasing their capacity in order to expand their own market share. Thus, when   0,1   , both firms 0 and 1 choose under-capacity, which is the same result as that obtained in the standard price-setting competition with differentiated goods and without the price-raising effect 12 .
In contrast, the intuition behind the result that both firms 0 and 1 choose over-capacity in the price-setting competition when is given as follows: from Equation (9), firm 1 which has the price-raising effect attempts to increase firm 0's price level by setting its capacity level high in order to decrease the quantity of firm 0, implying that it chooses over-capacity. Furthermore, similar to the case wherein , from Equation (10), firm 0 tends to decrease its own capacity level in order to decrease firm 1's quantity by increasing the price level of firm 1 when as well. However, taking Equations (11) and (12) . Therefore, since the price level of firm 1 does not become so high because of the relatively high capacity level of firm 0, from Equation (7), the price of firm 0 becomes relatively high, Consequently, since the quantity of firm 0 becomes low, firm 0 also chooses overcapacity when .
For both the quantity-setting competition with the price-raising effect and the price-setting competition with the price-raising effect, we find that the choices of the quantity/price level and the capacity level for the firm with the price-raising effect influences not only the selection of the quantity/price level for its opponent firm in the market, but also the selection of the capacity level for its opponent firm. These choices change the differences between the quantities and capacity levels of the two firm.
Conclusions
This paper investigated the differences between the output and capacity levels in a private duopoly composed of two profit-maximizer firms in both quantity-setting competition and price-setting competition, particularly when one firm has the price-raising effect on the price level of the product of its opponent firm as the unilateral externality. In both the standard quantity-setting competition and price-setting competition with differentiated goods and without the price-raising effect, the differences between the quantity and capacity levels of the two firms do not depend on the relation between their products, that is, whether they are substitutable or complementary. More precisely, in the standard quantity-setting competition with differentiated goods, both firms 0 and 1 always choose over-capacity, whereas in the standard pricesetting competition with differentiated goods, they always choose under-capacity. In contrast, in the private duopoly with the price-raising effect of the product of the one firm, the differences between the quantities and capacity levels of both firms strictly depend on the strength of such an effect in not only the quantity-setting competition but also the price-setting competition. In particular, when the price-raising effect is sufficiently strong, both firms choose under-capacity in the quantitysetting competition whereas they both choose over-capacity in the price-setting competition. In the model of this paper, in the quantity-setting and price-setting competitions when the price-raising effect of the one firm is sufficiently strong, the product of the firm with such an effect is a complement to the product of the firm without such an effect, while the product of the firm without such an effect is always a substitute for the product of the firm with such an effect. Thus, the change of the strategic relation between the quantities/price levels and capacity levels of both firms along with the change of the relation of the product of the firm that has the price-raising effect as the unilateral externality with the product of the firm without such an effect (i.e., substitutable or complementary) strikingly influences the differences between their quantities and capacity levels even if their strategic variables ( or ) are fixed in the market. The above findings comprise the most important contribution of this paper.
q p
Finally, we mention an issue to be addressed in the future. Throughout this paper, we explored the differences between the quantity and capacity level of each firm by adopting the private duopolistic model with the unilateral externality à la Choi and Lu [1] . However, we did not consider the impact of the separation between ownership and management, which was investigated in Choi and Lu [1] , on the difference between the quantities and capacity levels of the firms 13 . Future research must deal with the above problems.
